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Experimental study on segregating ice cracks distribution characteristics
in unidirectional frozen silty clay
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Abstract: In the process of unidirectional freezing, the generation and development of segregating ice is an important factor affecting
the structural characteristics of frozen and thawed soil. Three unidirectional freezing boundary conditions were selected, i.e., cooling rate
(from 0.5 C/s to 0.005 C/s), cold temperature (from —-30 ‘C to —70 ‘C), and water replenishment (no water replenishment,
constant pressure water replenishment) to explore their influence on the development of segregating ice. To facilitate the
measurement of segregating ice, an independent meso-measurement system has been developed using optical microscope digital
photography. This system enables in-situ and non-contact measurement of segregating ice cracks. The experimental results
demonstrate the following findings: (i) The distribution of segregating ice is not only influenced by temperature gradients and warm
end replenishment conditions, but also by the cooling rate at the cold end of the unidirectional freezing process. (ii) The width of the
segregating ice in the frozen area is more significantly affected by the movement rate of the frozen front than by the temperature
gradient. (iii) During the freezing process, the width of the frozen ice exhibits an exponential relationship with the movement rate of
the 0 ‘C line. Based on this characteristic, an empirical formula is proposed to predict the crack width of segregating ice in the
frozen zone. This formula can be used as a reference for evaluating unilateral frost heave failure in practical engineering construction,
particularly under conditions of varying cooling rates.

Keywords: unilateral frost heaving; cooling rate; clay; segregating ice cracks; ultra low temperature

Bl = B[ VR 4 TR VA B il R A T ARIRIRAS o b4, 7
F R TR R FE, 2l B VA b P a2

TEA TR RS TREF, SBEBEAGE L. ZAF, BlInTERAL RIR S (liquefied natural gas, fij
BN, R ENE R BN TIRARBIEZ TRET,  BRLNG) fEfEtE: Lo, Wikl 1 s, Nl LNG

ek F1 39 2023-03-02 SR AH: 2023-08-10

BETH: EHEXEAFEESE (No. 41831278); WSk K#RIWIHZIE S (No. NTF21015).

This work was supported by the National Natural Science Foundation of China (41831278) and the Start-up Fund for Scientific Research of Shantou University
(NTF21015).

HEERA EE, Y, 1988 44, WA, PRI, FEAGE LRSI, E-mail: wzhen@stu.edu.cn



408 = +

Vaj % 2024 4

i 8 P B 0 o 4 T S B IR IR B R R S AR . 2
LNG it (B AIRGE 1 FBOR R, (8GR
BRI R S5 VA i Ui B ARAL AN R o FETCA BRI it
MIEOLT, LNG KRR 2R 5 02 74t P L
ARG B [ R 45, LRSS S 2% A 5 8 IX SRR &5
IR A BR DO » R RAL SR 85 TL R SRR AL
VB, TRAIRTCAL VS i P T AR 2 T ARG o
AR SEINRFAL, X 4R T N LRSSl T T2 AWK
B [l RO b TR 5 S IS T 2

TR T MR A WAL S ER

i)
IR B o R 4

AR T BB AGIR B f R 25

1 BALRRS (LNG) fEhsE T
E YT Ak B R S R R AE
Fig.1 Unidirectional freezing failure characteristics of
foundation pit soil under leakage conditions of liquefied
natural gas (LNG) storage tanks
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Fig.2 Schematic diagram of ultra-low temperature
multi-stage refrigeration system
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Fig.6 Crack recognition system by microscopic camera
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